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Introduction
The financial crisis of 2008-9 provides a unique opportunity to analyse the importance of credit in financing firms' fixed asset investments. We use linked survey and register data from Norway to provide a representative, identified sample of mainly unlisted, small and medium-sized firms. We focus on two main questions: (1) Did reductions in credit supply during the crisis affect firms' investments after controlling for changes in their creditworthiness? (2) At which ex ante level of financial constraint is reduced credit supply during the crisis more likely to affect firms' investments? We use total assets, age, dividend payments and relationships with one or several banks as alternative indicators of financial constraints. In the final section, we investigate hedging, shareholder funding and past investment patterns as possible explanations for the observed variations across levels of financial constraints.
We find that only firms categorized as financially unconstrained before the crisis reduced their investments in fixed assets as a result of the reduced credit supply. In comparison, the investments of financially constrained firms were not affected. These findings are robust to alternative indicators of financial constraints. Our results are not explained by hedging or patterns in fixed asset investments. However, when we control for other sources of capital, in the form of funding from shareholders during the crisis or funding accessed by belonging to a business group, reduced access to credit also impacts the investments of those ex ante financially constrained firms that did not have access to such sources of capital.
We emphasize a distinction between the level and a change of financial constraints, which is a distinction that has not been thoroughly studied in the literature. For example, Gertler and Gilchrist (1994) and Duchin, Ozbas, and Sensoy (2010) implicitly make the assumption that more financially constrained firms are more negatively affected by adverse credit shocks, and use the correlations between credit and investments for such firms as evidence of a causal link from financial frictions to real investments. Bernanke, Gertler, and Gilchrist (1996) present a theory model, where the firms with the largest agency problems receive a relatively lower share of aggregate credit when economic activity deteriorates. However, it is not obvious that more financially constrained firms ex ante would be more affected by a negative shock to credit supply when it is taken into account that they were already more constrained before the shock. That is, the ex ante most financially constrained firms are not necessarily the marginal borrowers that need to reduce investments most when faced with a credit supply shock. Our analysis uses firm-level data from Norway. We combine proprietary survey data from a sample of randomly selected, representative firms, the managers of which were asked questions about their experience of the financial crisis of 2008-9, with an extensive dataset containing all Norwegian firms' bank accounts and financial accounts, as well as ownership data. The survey sample firms were selected based on random draws of firms from the complete population of Norwegian firms, which ensured that there was no selection bias in the sampling. In addition, a comparison of firms that responded to the survey with those that were sent surveys but did not respond suggests that there is no material selection bias in the dataset. In contrast to other surveys, the individual identification of the respondents enables the survey answers to be linked to the extensive Norwegian register data that include all private firms.
The survey asks the firms' general managers whether the firm's credit supply changed as a result of the financial crisis; that is, it does not ask about their absolute levels of credit supply or the perceived level of financial constraints before the crisis. Therefore, we can directly identify changes in credit supply. Note that any observed actual credit granted is determined by the interaction of both supply and demand. As our variable measures the experience of credit supply directly, we limit this simultaneity problem. The credit supply information distinguishes our study from most of the literature, which relies on indirect measures of credit supply obtained from sources such as accounting data. The ability to identify supply directly is particularly useful when analysing the credit market. 1 1 An extensive theoretical literature, starting with Stiglitz and Weiss (1981) , has shown that credit supply is not generally a monotonically increasing function of the interest rate. This is because a higher interest rate can increase the riskiness of the pool of firms that apply for bank loans and, thus, it reduces the bank lenders' expected profitability from lending to these firms. In addition, other contract terms, such as collateral, seniority, covenants and maturity, imply that the price of a loan
The financial crisis of 2008-9 did not originate within the Norwegian economy. Instead, it was imported from abroad, primarily through the Norwegian banks' funding in the international interbank markets. The banks' situation was particularly challenging in October 2008, when even the largest Norwegian bank, DnB NOR, 2 had severe funding problems. At this stage, the Norwegian government decided to increase the banks' access to government bonds in order to improve their liquidity. However, declines in oil prices and global business confidence led to reduced export demand for the products of Norwegian firms, which meant that the crisis was not a pure, exogenous shock to credit supply. Therefore, we need to control for changes in firms' credit quality. We do this by including demand for the firms' products and services, as well as the return on assets, as control variables in our regressions.
When a firm reports reduced access to credit during the financial crisis, its bank may be more reluctant to lend to the firm because the firm's prospects have deteriorated or because the bank's own funding problems have reduced its ability to supply credit to the firm. In the first situation, the reduction in credit supply follows from firms having fewer projects available with positive net present values. This leads to a positive correlation between investments and reported credit supply, even though the causality goes from investments, as a function of investment opportunities, to credit, not the other way. The alternative story is that a credit channel exists, whereby the banks' difficulty in obtaining funding reduces their abilities to grant loans (Bernanke and Gertler, 1995) . In this situation, a firm may experience reduced access to credit even if its investment opportunities are unchanged. Recent papers by Amiti and Weinstein (2013) and Amador and Nagengast (2016) use Japanese and Portuguese credit data, respectively, to show that credit supply shocks have large impacts on firms' investments at both the firm and the aggregate level.
Our survey includes questions about how the demand for the firms' products and services was affected during the crisis. A reduction in demand for a firm's output (sales) is likely to have a negative effect on its is multidimensional.
2 DnB NOR is now called DNB. In 2008, its market share in domestic bank lending was 38%.
creditworthiness. We can use the answers to the output-related survey questions to control for changes in the firms' creditworthiness as a result of reduced demand and, thus, as a proxy for investment opportunities.
The extent to which firms are affected by an exogenous shock to credit supply depends on the firms' reliance on external financing, as well as on their dynamic financing and investment behaviour. In particular, firms that fear their ability to borrow to finance new projects will be reduced in states of the world where they are also experiencing cash flow shortfalls, will want to hedge this risk, for example, by holding more cash ex ante (Almeida, Campello, and Weisbach, 2004; Acharya, Almeida, and Campello, 2007) or by avoiding utilizing their financial resources or debt capacity to the limit. Almeida and Campello (2007) find that the cash flow sensitivity of external financing is significant for the subsample of financially unconstrained firms, but not for the subsample of financially constrained firms. An implication of their result is that the firms that must reduce investments during a crisis are those that, in normal periods, use external borrowing whenever a new investment opportunity arises. Our results are consistent with the findings of Almeida and Campello (2007) , using a sample of unlisted, smaller firms.
Related Literature
The impact of bank credit and financial constraints on the real economy has been extensively studied.
Claessens and Kose (2018) provides a systematic review of the literature on macrofinancial linkages, including the role of banks. One extensive body of work studies how banks change their lending behaviour following a funding shock. Another strand, to which we contribute, focuses on firms and how reduced access to credit impacts their investments. One extensive body of work studies how banks change their lending behaviour following a funding shock. Another strand, to which we contribute, focuses on firms and how reduced access to credit impacts their investments. An early empirical paper studying the effect of reduced credit on real investments is Gertler and Gilchrist (1994) . They find that, following a tightening of monetary policy, both manufacturing activity and bank loans decline for small firms more than they do for large firms, partly because the larger firms can increase their use of commercial paper debt. Peek and Rosengren (2000) show that loan supply shocks in Japan, which were transmitted to North America through the presence of Japanese banks there, impacted on real economic activity in the USA.
A challenge for early researchers in this field was the lack of detailed data at the level of individual firms. In recent years, increasing access to better quality data, combined with the occurrence of credit market shocks, has produced papers that study credit and financial constraints at the micro level. For instance, Gan (2007) uses the land price collapse in Japan in the early 1990s to investigate how a shock to firms' specific collateral values influences their debt capacity and investments. She finds that firms with greater collateral losses reduced investment more and obtained smaller amounts of credit after the collapse. Chava and Purnanandam (2011) show that borrowers at US banks who were exposed to the Russian default crisis in 1998 suffered reduced valuation and lower performance relative to other firms.
Crisis-affected banks reduced the quantity of their lending and increased their interest rates after the crisis compared with unaffected banks. This led to reduced investments in firms that were dependent on banks.
More recently, Ongena, Peydro, and van Horen (2015) find that firms that are dependent on internationally funded domestic banks and foreign banks experienced a greater reduction in credit and real performance during the recent financial crisis. Duchin et al. (2010) find that corporate investment declined following the start of the 2008-9 financial crisis. However, as they only observe actual credit volumes during the crisis, they cannot disentangle the effects of supply and demand for financing. In our paper, survey respondents are asked specifically about changes in credit supply and, therefore, we can test more directly the relationship between credit supply and investments. In another paper following the financial crisis, Campello, Graham, and Harvey (2010) survey 1,050 Chief Financial Officers (CFOs) in the USA, Europe and Asia on how credit constraints affected their firms during the 2008 crisis. They show that firms that reported being financially constrained also planned to cut technology, marketing and capital expenditures, and that constrained firms reduced their cash holdings more, drew more on their credit lines and sold assets. Our survey data include firms' reported changes in credit supply resulting from the crisis. Our key survey question relates to changes in credit supply, rather than the level of credit supply, resulting from the crisis. Campello, Graham, and Harvey (2010) show that financially constrained firms must restrict investment because of being financially constrained both prior to and during the crisis. However, they do not directly test the effect of changes in credit supply on investment arising from the crisis. The effect of financial constraints on the business cycle is driven by the extent to which financial constraints change during the cycle. If financially constrained firms are equally constrained during booms and busts, their access to credit should not have a large effect on the business cycle. By focusing on this question, our paper explores how financing frictions are related to the aggregate business cycle through firms' real investments.
Other papers studying the consequences of the recent financial crisis include Carvalho, Ferreira, and
Matos (2015) and Kahle and Stulz (2013). Whereas Carvalho et al. (2015) find a relationship between bank-specific shocks and firm borrowers, Kahle and Stulz (2013) argue that the behaviour of US firms during the crisis is better explained by demand factors than by a credit supply shock. These papers do not study private firms or control for firms' dependency on bank credit. Kuchler (2015) uses a comprehensive dataset on Danish firms and finds that high pre-crisis leverage predicts reduced investments during and following the crisis to a larger degree than does a supply shock alone. We find comparable results for firms that are otherwise categorized as less financially constrained, but not for the most financially constrained firms.
In addition to the previously mentioned contributions of our paper, we add to the knowledge concerning the effects of credit supply to small firms. Most existing studies focus on large, listed firms, whereas almost all firms in our sample are small and unlisted. Such firms constitute a major share of the economy and they have arguably less access to external funding compared with larger, listed firms.
The Financial Crisis in Norway
The providing a suitable experiment for our analysis.
Structure of the Paper
We structure the paper as follows. Section 2 describes our survey and register data. Section 3 presents our main results for the whole sample and for the sample categorized by financial constraints. In Section 4, we investigate the effects of alternative explanations for our results by categories of financial constraints.
Section 5 includes robustness tests, and Section 6 concludes the paper. Norway AS, 6 a leading market research company. The questionnaire took a manager 20-25 minutes to fill in, and included 39 questions, covering the position of the firm and its market before the crisis, how the crisis affected the firm and the market, the firm's crisis responses and its current outlook. Some of these questions were related to the firm's business outlook, financing and investments, which are the questions that we study in this paper. The study defined a pre-crisis period from mid-2006 until mid-2008, and the respondents were asked to report when the crisis started and ended with respect to their own firm.
The selected firms were randomly drawn from register data of all Norwegian firms that satisfied the selection criteria. We believe that the ability to choose randomly from the population of all firms reduces selection bias relative to most survey papers. Responses were received from 1,248 firms (a 25% response rate). The selection criteria are revenues greater than NOK 10 million and personnel expenses greater than NOK 3 million in the year 2008. 7 Only limited liability firms that filed financial accounts for the year 2008 are included. Firms in the following industries are excluded: agriculture, forestry, electricity generation, water management, financial services, insurance, the government sector, education, health care, waste management, political and religious groups, cultural services and international and non-governmental organizations. Firms with missing industry classification were also excluded. The motivation behind these criteria is to select active commercial companies and include a representative share of small and mediumsized companies in the economy. The exclusions based on industry classifications omit from the data pure financial holding companies, regulated firms, sectors with significant government involvement such as 5 The respondents also had the opportunity to answer by using a paper form.
6 www.ipsos-mmi.no 7 Based on the average USD/NOK exchange rate for 2008 of 5.64, the criteria correspond to USD 1.77 million and USD 0.53 million, respectively. farming and health care, and public services organized as limited companies. Table 2 compares the characteristics of the firms included in the survey with the population of all Norwegian firms that satisfy the survey sample selection criteria. The summary statistics suggest that the population and survey sample firms are similar in most respects, as measured by mean values of the variables. The survey sample firms are, on average, slightly larger and more profitable and they are more likely to pay a dividend. When it comes to firm characteristics during the crisis, the differences seem slightly larger. This could be partly because the survey sample excludes firms that suffered bankruptcy or otherwise disappeared before the end of 2010. Thus, the survey sample selection procedure created an inherent survivorship bias, illustrated by the fraction of firms that went bankrupt. Of all the Norwegian firms in existence in 2007 that satisfied our sample criteria, 1.6% went bankrupt during 2008-10, whereas our survey sample contains no bankrupt firms. These characteristics are comparable with the survey sample in Campello et al. (2010) , the respondents to which were slightly better performing than the average firm in general. 8 As it is likely that we exclude those firms most severely affected by the crisis, the sample selection method may have a bias against finding firms experiencing distress during the crisis. This will most likely bias the estimated coefficients indicating adverse effects from the crisis towards zero.
The survey questions were collected solely for research purposes and the participants were explicitly promised that their individual responses would be treated confidentially. Norwegian Social Science Data Services 9 oversaw the handling of sensitive information. The credibility of the sponsoring institution (NHH) and the overall execution of the survey lead us to believe that neither the decision to respond nor the specific answers to survey questions were biased in any particular direction.
8 It is unlikely that many managers of failed firms would have allocated time to responding to such surveys, even if asked.
9 www.nsd.uib.no
Answers to survey questions
Survey questions about how firms were affected by the crisis were answered on an integer scale from -3 to +3, including zero. Negative numbers indicate a reduction in the respective variable because of the crisis, whereas positive numbers indicate an increase. The respondents necessarily applied the scales subjectively because no precise, quantitative characterizations were given for each step of the scale. In addition, there was a "not relevant" category. The frequencies of each alternative answer to selected questions, which were later used in our regressions, are shown in Table 3 .
Around two-thirds of the firms replied that they did not experience significant changes in their access to credit. However, the sample includes many firms that did not borrow before or during the crisis, and whose reported unchanged credit supply may stem from the fact that they did not require debt financing and, thus, did not approach a bank with a loan request during this period. These firms are unlikely to exhibit any correlation between credit supply and investment behaviour. Thus, their presence in the analysis may bias our coefficient estimates towards zero, reducing the likelihood of identifying any effects. We include the non-borrowing firms in our analysis because dropping them would result in the omission of some nonborrowing firms that wanted credit during the crisis, but did not get it, and which therefore report having no bank loans. 10 For this reason, including non-borrowing firms may strengthen our analysis compared with studies that build primarily on data showing actual borrowing by firms.
Most of the firms experienced negative effects on the demand for their products and services as a result of the financial crisis. The descriptive statistics in Table 3 suggest that the crisis in Norway was a crisis of demand. The financial crisis originated abroad and was transmitted to Norwegian firms through reduced demand for products and services, as well as through financial channels such as the global interbank market.
Of the survey firms, 68% experienced reduced demand following the crisis, and 45% of the firms experienced reduced prices for their output.
The negative effects on investments were strong, as shown separately for investments into plant, machinery and equipment (PME) and buildings in Figure 3 .
Register Databases
The register databases consist of the bank and financial accounts and a dataset on shareholders and raising of new capital.
Bank database
We use a dataset with detailed information on the end-of-year balances for all bank deposit and bank loan accounts, and for interest accrued to each account during the year, for all Norwegian firms for the years 1997-2015. The bank account data are collected annually by the Norwegian Tax Administration from the banks for tax purposes. The database is confidential, but has been made available to us by the Norwegian Tax Authority 11 under strict confidentiality conditions regarding data handling, access and the non-disclosure of the identities of the contracting parties.
Financial account database
The observations in the bank account database are linked via the unique organization number to a financial accounts database, which contains annual accounting data for all Norwegian private and public limited liability companies for the period 1993-2014. Norwegian firms are required to have an authorized auditor 12 and must file their annual financial accounts with the Register of Company Accounts 13 by the 11 Approvals were gratefully received through sequential letters, the most recent of which was dated 23 June 2017.
12 This requirement was lifted for the smallest firms from 2011. As this is after our sample period, it is unlikely to have any effect on our results.
13 More information is provided at www.brreg.no.
end of July in the year following the accounting year. The accounting year, with few exceptions, follows the calendar year. The accounting database includes the income statement, the balance sheet, selected items from the notes to the accounts and other company-related information, such as five-digit industry codes and legal forms. The database is further described in Berner, Mjøs, and Olving (2017).
Ownership database
The Norwegian Tax Administration has also made available tax return files related to the ownership of all Norwegian limited companies. 14 This dataset gives us information about ownership and new equity issues as well as firms' debts to shareholders and loans to shareholders. 14 Approval was gratefully received in a letter dated 3 June 2016. 
Timeline

Descriptive Statistics
Real Economic Effects of Reduced Credit Supply
We study how changes in credit supply affect firms' real investments using the financial crisis of 2008-9 as an experiment. We employ survey data involving firms' answers to questions about the extent to which they changed real investments as a result of the crisis. We use these investment variables as the left-hand side variables and determine whether they were affected by changes in credit supply. We begin by investigating our first research question: Do changes in credit supply affect firms' investment?
An advantage of our survey data is that firm managers responded to a question asking whether their investments were negatively affected by the crisis. When answering these questions, we expect the manager to implicitly take into account the investment opportunities that the firm had at the time. Although accounting data contain the actual amounts invested, they do not show how large this amount is relative to the firm's original plans or available projects. The earlier literature has struggled to find satisfactory proxy variables for investment opportunities because using actual investments is a poor alternative for this purpose. A firm with a high level of investment may still be investing below its first-best level, whereas a firm with a low investment level may not, when the former has more investment opportunities than the latter.
A common approach has been to use the market-to-book ratio, or Tobin's Q, as a proxy for investment opportunities in investment regressions. This approach has been criticized by, among others, Erickson and
Whited (2000), who argue that mismeasurement of Tobin's Q leads to biased estimates. As our sample primarily consists of unlisted firms, we do not have information about Tobin's Q. Thus, the fact that the survey questions reflect investment opportunities is particularly useful for our sample of private, small and medium-sized firms.
Changes in the demand for the firms' goods and services can cause changes in investments during the crisis. We use questions about changes in demand faced by the firm as control variables. Therefore, the coefficients on the change in the credit supply variable reflect the marginal effect of a changed credit supply on investments after controlling for the effect of changes in the demand for the firm's goods and services. Table 4 documents the observed differences between firms that did not face reduced credit supply versus those that did during the financial crisis. We observe that firms with reduced credit supply also faced reduced demand and prices and that they reduced their investments on average. With respect to the other reported characteristics, firms that experienced reduced credit supply were less profitable as measured by ROA, but they do not otherwise appear to be different from the rest of the sample. Table 5 shows the results of OLS regressions depicting the effect of credit supply and output demand on firm investments in PME and buildings during the crisis. The dependent variable is the answer to survey questions related to investments, which follow a scale from -3 to +3. Answers to survey questions about credit supply and the demand faced by the firm are used to construct the variables on the right-hand side.
The Effect of Reduced Credit Supply on Investments
The credit supply variable is equal to one if the firm reports a reduced credit supply; otherwise, it is equal to zero. The firm demand variables are equal to one in case of negative development and are otherwise equal to zero. Thus, 1 in both variables represents a negative outcome. We estimate the following equation.
Change in investments = β 0 I_credit supply reduced
Return on assets during the crisis
A negative coefficient on reduced credit supply implies that this reduction leads to lower investments.
Columns (1) and (4) in Table 5 show estimates of β 0 when we exclude the other control variables. The other columns include variables reflecting the change in demand for the firm's products and services taken from the survey, and the return on assets during the crisis from the firm's financial accounts. These variables control for changes in the firms' creditworthiness, as well as the direct impact that changes in the firm's product markets have on their investments. We use this specification to distinguish between changes in credit availability that stem from changes in the firm's prospects and expected future ability to service its debts, and changes in credit supply that occur "outside" the firm and originate on the supply side of the credit market.
In columns (1)-(3), the dependent variable is based on the answer to the survey question about how the firm's investment in PME was affected by the crisis. Columns (2) and (3) include variables that control for the creditworthiness of the firm. Credit supply is positively correlated with this type of investment, both with and without controlling for firm creditworthiness. That is, a reduction in credit supply reduces investment. The magnitude of the coefficient is smaller when we include the control variables, which is as expected because some of the change in credit availability stems from reduced firm creditworthiness. Using the coefficients in the full specification in column (3), lower credit supply reduces the change in investments score by 0.329. In addition, in columns (2) and (3), we include the return on assets. As expected, the results show that firms that experienced positive changes in cash flow measured by the return on assets during the crisis had a more favourable trend in their investments.
Looking at investment in buildings in columns (4)- (6), we see that the coefficient on credit supply on investments in buildings remains negative when we control for the creditworthiness of the firm, although the effect is weaker in column (6) compared with that for the investments in PME in column (3). This could be related to fewer firms having indicated changes in investments in buildings during the crisis compared with investments in PME, which suggests that such investments may be relevant for a smaller number of firms.
Investments in buildings are often larger and occur with a lower frequency compared with investments in PME. Thus, respondents for whom investments in buildings are not relevant may bias this coefficient towards zero to a larger extent than is the case for the PME equation. Finally, investments in buildings provide conventional collateral which itself facilitates debt financing through the credit multiplier (see, e.g., Almeida and Campello (2007) ). Based on this, we choose to focus our analysis on investments in PME.
Taken together, Table 5 suggests that reductions in credit supply during the financial crisis of 2008-9 caused the firms' investments to fall. However, adverse developments in the markets for the firms' goods and services seemed to play a larger role than did changes in credit supply in explaining reductions in firm investment.
Effects of ex ante Financial Constraints on the Effect of Reduced Credit Supply on Investments
Our second research question addresses how the relationship between changes in credit supply and investment in fixed assets is determined by whether a firm may be categorized as financially constrained prior to the crisis. The global financial crisis of 2008-9 was an unexpected event to most firms and even some of the most creditworthy firms were affected. In this situation, it is possible that a sudden reduction in credit supply may have had more severe consequences for firms that were initially financially unconstrained, compared with those that were financially constrained before the crisis. That is, it is not clear from the theoretical literature which group of firms, when categorized by the level of financial constraints before the crisis, would be most affected by a financial crisis that resulted in reduced credit supply. As firms often borrow to fund investments, being affected in this context means that changes in credit supply affected the firms' real investments.
Measures of financial constraints
We apply four univariate measures commonly used in the literature as proxies for the level of a firm's financial constraints. This approach makes the analysis robust to the choice of measure, and independent of any capital market-based variables, compared with several of the multivariate indices of financial constraints used in the literature (see, e.g., Kaplan and Zingales (2000) and Hadlock and Pierce (2010) ). Capital marketbased variables such as Tobin's Q are not available for most of our sample of primarily unlisted firms. The measures we use are firm total assets before the crisis, firm age, an indicator of whether the firm declared a dividend for the last accounting year before the crisis (2007) and an indicator of whether the firm uses only one or several banks. We sort the sample into two groups for each of these measures and perform the analysis separately within each group. within this category of firms depending on the levels of financial constraints before the crisis.
The first measure of financial constraints, firm size, is given by the firm's total assets at the end of 2007.
Large firms have more alternative sources when obtaining external finance. For example, they could face lower informational asymmetries and have better opportunities to raise outside funds through the capital markets. For smaller firms, external financing is usually restricted to bank borrowing. The Whited-Wu (WW) index (Whited and Wu, 2006) includes size, measured as the log of total assets, with a negative coefficient, that is, it indicates a negative correlation with financing constraints . The same measure is included with a negative coefficient and also a positive coefficient on squared size in the size-age (SA) index (Hadlock and Pierce, 2010) . The literature commonly assumes firm size as a relevant indicator of whether a firm is financially constrained, with smaller firms viewed as more constrained.
The second measure of financial constraints is firm age by the end of 2007, measured as the number of years since incorporation. Younger firms have a shorter documented performance history and are assumed to be more financially constrained than older firms, for which more information tends to be available. In addition, older firms have actually survived for a greater number of years and this could indicate lower risk, which is relevant to credit availability. Hadlock and Pierce (2010) includes firm age, measured in years, with a negative coefficient in explaining financial constraints in its SA index. Petersen and Rajan (1995) show that access to external finance is more difficult for younger firms than for older firms.
The third measure of financial constraints is based on whether the firm declared a dividend to shareholders for 2007, the last year before the crisis. Although a financially unconstrained firm may or may not pay a dividend, it will usually not be optimal for a financially constrained firm to pay a dividend. By definition, the marginal value to financially constrained firms of keeping an extra krone within the firm is greater than one. Therefore, they prefer to use available funds to finance internal projects rather than paying out a dividend and subsequently having to seek external financing. Thus, dividing firms into categories based on the extent to which they pay dividends has been a common approach in the literature, following the seminal paper by Fazzari, Hubbard, and Petersen (1988) on the cash flow sensitivity of investment. Dividends also carry a negative coefficient, that is, indicating a negative correlation with financing constraints, in the Kaplan and Zingales (KZ) index (Kaplan and Zingales, 2000) and Baker, Stein, and Wurgler (2003) ) and WW index (Whited and Wu, 2006) .
The fourth measure of financial constraints is an indicator variable that is equal to one if the firm uses several banks and equal to zero if the firm only has bank accounts with a single bank. The data come from the bank database and include both deposit and lending accounts. Petersen and Rajan (1994) find that firms in a close relationship with one bank have easier access to credit. Despite this insight, many firms choose to develop multiple bank relationships. We interpret this choice as an indicator of a firm's relative attractiveness as a bank borrower and, thus, of its negotiating power with banks. A firm that has a relationship with several banks can be assumed to have access to a wider range of credit opportunities and to be less dependent on the credit provided by only one (relationship) bank. In our sample, 49% of the firms use more than one bank, compared with 73% of large, listed Norwegian firms in a survey used in Ongena and Smith (2001) .
The extent to which these measures of financial constraints overlap is illustrated in Table 6 . The table shows the number of firms that fall into the least constrained group of firms for two of the financial constraint measures, measured on the horizontal and vertical axis. For example, the number of firms that fall into the least constrained group on both the size and the dividend measure is 335. This compares to 623 firms in the least constrained size group. In other words, of the least constrained firms as indicated by the size measure, around 54% are also in the least constrained group as indicated by the dividend measure. The fact that there is heterogeneity in the categorization between measures suggests that we are able to capture various dimensions of firm financial constraints. In addition, it suggests that any findings that appear to be consistent across all or most measures will be more robust. Table 7 shows summary statistics for alternative indicators of financial constraints and separately reports on each measure for the constrained and unconstrained firm groups. We can see that the level of the pre-crisis cash-to-asset ratio is substantially lower for the large firms. However, the relationship between cash holdings and financial constraints is not straightforward. Profitable firms tend to be financially unconstrained, as well as cash rich, because of their large profits. Unprofitable firms, on the other hand, may strive to be cash rich to reduce their costs of being financially constrained. Therefore, interpreting differences in cash holdings between groups of firms with varying levels of financial constraints is not simple. The largest firms show a lower return on assets but have a larger equity ratio compared with smaller firms. There is no systematic difference in bank borrowing between large and small firms prior to the crisis. The largest firms seem to have been somewhat more affected by the crisis, both in terms of the demand variables and in their supply of credit. The investments in PME and buildings fell more among large firms. Firms do not differ significantly across age in their survey responses. Young firms were naturally smaller in 2007 and they had more bank loans and less equity financing compared with older firms. We observe that dividend-paying firms have more cash than non-dividend payers. This illustrates the above-mentioned endogeneity of cash holdings because a firm will typically hold cash prior to a dividend payment. 16 At the same time, because 16 Firms will usually declare a dividend as part of the annual accounts but only pay it out during the following year. Norwegian firms often pay annual dividends and these have to be confirmed at the annual general meeting within six months of the end of the reporting year. Our variable only considers such ordinary dividends as reported in the annual accounts and, thus, it does not take into account any extraordinary dividends that may be approved during the year.
non-dividend payers are more likely to be financially constrained, they want to hold cash to hedge against future cash flow shortfalls. In the data, the first effect dominates the second. In general, dividend payers also use fewer bank loans and less debt. Firms using more than one bank are somewhat larger and older than firms using only one bank, but these groups are otherwise very similar by accounting-based measures.
Overall, across Table 7 , the mean crisis survey responses do not show clear systematic differences across the alternative measures of financing constraints. This makes it less likely that any differences found between these groups are driven by a different interpretation of the survey scales by the respondents. Table 8 shows OLS regressions using equation 3.1 for investments in PME. The regressions have been run on the subsamples defined by the measures of financial constraints discussed above. Panel A shows the results when we only regress on reduced credit supply. The coefficient on credit supply is significant for investments in PME for all firms, that is, a reduction in credit supply leads to a reduction in investments in PME. However, this specification does not separate between supply effects and any effects from firms' reduced creditworthiness. Panel B shows the results when regressing on reduced output demand and the return on assets during the crisis, but leaving out credit supply. Output demand and the return on assets are valid proxies for firm creditworthiness and are significant in explaining reduced investments for all firms in the sample. In Panel C, we combine all variables and show that, after controlling for firm creditworthiness in terms of output demand and the return on assets, credit supply has a significant effect on investments only for the ex ante financially unconstrained firms across all four measures. We find that the investments of the least financially constrained firms were most affected by a change in credit supply and this finding is consistent across all four measures of ex ante financial constraints. However, the alternative specifications show that these results are only present when we control for the firm's business prospects, proxied by output demand, and performance during the crisis, proxied by the return on assets.
Results when sorting firms according to alternative measures of financing constraints
Overall, these results suggest that a correlation between credit supply and investments of ex ante financially constrained firms during economic downturns should not be viewed automatically as evidence of a credit channel mechanism.
Why Financially Unconstrained Firms Appear to Be More Affected by Reduced Credit Supply
In this section, we investigate three possible explanations of our finding that the investments of financially unconstrained firms are most affected by reduced credit supply. We investigate the effect of any ex ante hedging activities, the use of other sources of capital and firms' prior patterns of fixed asset investments.
Hedging Activity
Firms with limited access to external capital are expected to preserve their internal cash resources, which are normally the main source of financing for investments and short-term liquidity needs. Owing to limited access to new capital, a financially constrained firm is expected to consider, in addition to a conventional investment analysis, the opportunity cost of investing today instead of undertaking potentially better investments in the future. Duchin et al. (2010) show that firms with low cash reserves and/or high short-term debt prior to the crisis experienced larger declines in investment. The authors interpret this as evidence of a "precautionary savings motive" for cash to insure firms against unexpected liquidity shocks. This is consistent with Almeida et al. (2004) , who argue that financially constrained firms save cash to hedge against potential future funding problems. Acharya et al. (2007) create a theoretical model where cash plays an important role in hedging future investment against income shortfalls. Holmberg (2013) uses firm-level data on Swedish public and private firms and finds that firms with low unused credit lines reduced their investments significantly more compared with other firms during the financial crisis. This supports the argument that some form of hedging matters for the effect of a credit supply shock on firm investments. However, Holmberg (2013) is not able to attribute this effect to a credit supply shock and is necessarily limited to register data information. In a survey of CFOs, Lins, Servaes, and Tufano (2010) find that firms use cash to hedge against future cash flow shortfalls in bad times, whereas credit lines are used for financing business opportunities in good times.
Campello, Giambona, Graham, and Harvey (2011) and Campello, Giambona, Graham, and Harvey (2012) show that cash and credit lines are used as substitutes when firms manage liquidity. The findings of both papers show that liquidity management strategies vary across firms and across time.
We study firms' liquid assets, measured as the sum of cash and short-term financial assets relative to assets as of the end of 2007, as an indicator of firms' past hedging activities. Table 9 , Panel A, shows the regressions across alternative measures of financial constraints, controlling for liquid assets and liquid assets interacted with credit supply. Our previous results remain and, in addition, the coefficients for reduced credit supply remain small and largely insignificant for the most financially constrained firms, with the exception of young and small firms. The coefficients on liquid assets are insignificant, except in the cases of dividend payers and firms with more than one bank. For these groups, hedging via liquid assets may compensate for the effect of reduced credit supply on investments.
The finding that hedging does not fully explain why the investments of financially constrained firms are not reduced when the credit supply is reduced is consistent with the results of Rampini and Viswanathan (2010) . They find that financially constrained firms generally undertake less risk management because of their overall collateral constraints.
Our results indicate a limited role for hedging via liquid assets and suggest that controlling for such hedging does not explain the original result, namely that a reduced credit supply decreases investments for the financially unconstrained firms.
Other Sources of Capital
An ex ante financially constrained firm will have costly and limited access to external financing, both from banks and other outside sources of capital. Therefore, the implication is that such firms depend on internally generated cash or funds from shareholders for investments. We conduct two analyses to test this assumption. First, we analyse whether raising new capital from shareholders during the crisis, either as equity or shareholder loans, could alleviate the impact of reduced credit supply. Second, we study whether being part of a business group and, thus, being majority-owned by a parent company before the crisis, had any impact on how reduced credit supply impacted investments. If a firm belongs to a larger business group, its financing needs could potentially be met by other group companies in an internal capital market, reducing the effect of the individual firm's credit supply on its investments.
We measure new capital from shareholders during the period 2008-9 as the sum of capital raised from new equity issues and changes in the firm's debt to its shareholders (net of any lending to shareholders), normalized by total assets. Table 9 , Panel B, shows that controlling for a firm's receipt of new capital from shareholders during the crisis effectively explains any differences in the effects of reduced credit supply between financially constrained and unconstrained firms. This result is robust across all alternative measures. We find that for both financially constrained and unconstrained firms that did not receive new capital from shareholders, reduced credit supply significantly reduces investments. The coefficients on the credit supply/capital from shareholders interaction term vary in size and significance. With the exceptions of firms using multiple banks and firms that did not pay dividends, across all remaining categories, firms that received capital from shareholders did not reduce investments following a reduced credit supply. Table 10 provides an analysis of firms that did not belong to a consolidated group. For small non-group firms, reduced access to credit appears to have had some effect on investments. This indicates that small firms that belong to a business group are shielded from credit supply shocks to some extent. For non-dividend payers, we see a similar effect. This indicates that lack of parent company support increased the dependency on bank credit for some financially constrained firms.
These results show that access to funding from shareholders generally provided an important financing alternative to bank credit and, thus, alleviated the effect of reduced credit availability on firm investments.
Firms that belong to a group appear to be more protected from the impact of reduced credit supply on investments in PME. Our results are consistent with Amador and Nagengast (2016) , who find that bank shocks, in particular, impair investments for firms with no access to alternative financing sources.
Past Investment Patterns
We expect that companies that regularly invest in new fixed assets are more likely to decrease such investments when credit supply is reduced, whereas other firms may invest less frequently and, thus, be less affected by reduced access to credit during a specific time period. Early evidence of the lumpiness of firm investments is provided by Doms and Dunne (1998) , who use longitudinal US plant data and find that 25% to 40% of an average plant's cumulative investment over 17 years is concentrated in a single year. Covas and Haan (2011) find a firm-size variation in the cyclicality of both financing and investment, and that smaller firms invest less and undertake less debt financing in an economic downturn. We do not find any significant variation in reported investment activity between more or less financially constrained companies sorted by our financial constraint categories, as shown in Table 7 .
Suppose that each firm operates a single machine with a technical lifespan of 10 years and that it will only invest, therefore, in new equipment every 10 th year. During a one-year financial crisis, only the investments of 10% of the population of such firms would potentially be affected by a uniform reduction in credit supply.
If this is the case, we will find effects of reduced credit supply on investments only for frequent investors, even when they are ex ante financially unconstrained.
We study this explanation by controlling for patterns in fixed asset investments, measured as prior investment frequency. Prior investment frequency is calculated by counting, for the period 2004-7, the number of years when the nominal book value of a firm's fixed assets changed by no more than +/-2.5% from the previous year (adjusted for depreciations, amortizations and impairments). Firms with such stable nominal book asset values may be interpreted as limiting investments to maintain current fixed assets and not investing for growth. We exclude firms that were established after 2004 in this analysis. Firms investing infrequently will get a high value on this measure, that is, they will on average have many years with no significant net investments in fixed assets. Table 9 , Panel C, shows the effect of controlling for the number of no investment years. The positive coefficients on the interaction terms between number of no investment years and reduced credit supply show that reduced credit supply has less effect on investments for firms that invest infrequently. These coefficients are significant in explaining investments for the least financially constrained firms across all measures. In the case of small firms and firms using only one bank, controlling for this variable also results in a reduced credit supply decreasing investments for ex ante financially constrained firms that invest frequently.
Overall, these results provide no conclusive evidence regarding the effect of patterns in fixed asset investments on the importance of reduced credit supply for investments. Therefore, there seems to be a more general effect that modifies the effect of reduced credit supply on investments and applies to both financially constrained and unconstrained firms. Thus, the effect of past patterns in fixed asset investments cannot fully explain our findings in Section 3.
Robustness
We conduct several robustness analyses.
We obtain similar results when we run the regressions with observations at the firm-bank level (i.e., the individual banking relationship level) rather than the firm level. Running the regressions at the firm-bank level enables us to include bank characteristics as control variables. The inclusion of bank nationality and loan loss provisions as control variables does not alter our main findings.
We run several other robustness tests. First, we leave out all firms without bank loans ex ante, to see if non-borrowers drive the results. In one specification, we keep only the firms that borrow from a bank in at least one of the years in the period 2005-7, whereas in another, we drop all firms that do not borrow from a bank in 2007. Our findings largely remain unaltered. However, whether a firm invests (proxied by the past investment patterns) appears to have even less effect when we exclude non-borrowers for the period
2005-7.
Next, we leave out firms that answer not relevant to the survey question on reduced credit supply, without any significant effects on our results. Third, we leave out firms in the services industries. Many papers in the literature focus on manufacturing firms and, therefore, we perform this test and confirm that our results remain valid for a more conventional industry sample.
Conclusion
In this paper, we show how the investments of unlisted, small and medium-sized firms are affected by changes in credit supply using the financial crisis in 2008-9 as an experiment. We first show that changes in credit supply affect investments in fixed assets after controlling for the firm's output demand and return on assets during the crisis, even though the effect is reduced when including these firm credit quality control variables. In our second research question, we find that changes in credit supply affect investments in PME to the greatest degree for the ex ante least financially constrained firms, categorized by alternative indicators of financial constraints. This effect does not appear to be fully explained by hedging, as our results largely remain unaltered after controlling for firms' liquid reserves prior to the crisis, or by patterns of fixed asset investment in the past. When we control for a capital injection from shareholders, reduced credit supply has a large and significant effect on investments for all firms, including financially constrained firms. We find that being part of a business group shields a firm's investments from the effect of reduced credit supply to some extent, and that this is particularly the case for the most financially constrained firms.
Our findings suggest that focusing exclusively on the correlation between credit supply and the investments of the ex ante most financially constrained firms during economic downturns is unlikely to capture the full dynamics of the credit channel on the business cycle. In particular, financially constrained firms' access to shareholder funding suggests that the dynamics of financial constraints and their effects on real investments are more complex than has generally been assumed in the literature. Pre-crisis firm characteristics Log(assets), or assets Logarithm of firm total assets, or firm total assets Log(revenues), or revenues Logarithm of firm revenues, or firm revenues Firmage Age of the firm since incorporation, in years Profitability (ROA)
Earnings before financial costs and taxes (EBIT) divided by total assets Fixed assets_assets Fixed assets to total assets ratio Bank loan indicator Indicator variable equal to one if the firm has a bank loan (>NOK100,000) Bank loan_assets Bank loan divided by total assets Bank cash_assets Bank deposit divided by total assets Dividend indicator Indicator variable equal to one if firm paid ordinary dividends for the year No investment years Number of years with net investments in fixed assets within +/-2.5% of previous year's fixed assets Liquid assets Sum of cash and short-term financial assets divided by net assets (1)- (3), the answer to the survey question about how the crisis affected the firm's investment in PME; and for columns (4)- (6), the answer to the survey question about how the crisis affected the firm's investment in buildings. The dependent variables use a scale of -3, -2, -1, 0, 1, 2, 3 or not relevant, where negative numbers indicate a decline in investment and "not relevant" responses are categorized as "0." The explanatory variables that are based on survey question responses are equal to one if the response indicated a reduction in the variable and zero otherwise. Accounting variables are normalized by the firm's total assets. The observations are at the firm level. Standard errors are robust to heteroscedasticity. The variables are described in Table1.
(1) Table 8 : Effect of credit supply on investments by ex ante financial constraints. The table reports OLS regression results, where the sample has been split based on the pre-crisis financial constraints criteria. For total assets, the sample has been split into two halves based on the book value of the firm's assets in 2007. Firms are divided into young and old based on whether the firm age is below or above the sample's median age. For the dividend and multibank categories, the sample has been split based on whether a firm paid dividends for 2007 or had bank accounts at multiple banks at the end of 2007, respectively. The dependent variable is the answer to the survey question about how the crisis affected the firm's investment in PME. The dependent variable uses a scale of -3, -2, -1, 0, 1, 2, 3 or not relevant, where negative numbers indicate a decline in investment and "not relevant" responses are categorized as "0." The explanatory variables that are based on survey question responses are equal to one if the response indicated a decline in the variable, and zero otherwise. Accounting variables are normalized by the firm's total assets. The observations are at the firm level. Standard errors are robust to heteroscedasticity.
The variables are described in Table 1 .
. Table 9 : Effect of credit supply on investments by ex ante financial constraints and additional explanatory variables. The table reports OLS regression results, where the sample has been split based on pre-crisis financial constraints criteria. For the total assets category, the sample has been split in two halves based on the book value of the firm's assets in 2007. Firms are split into young and old based on whether the firm age is below or above the sample's median age. For the dividend and multibank categories, the sample has been split based on whether a firm paid dividends for 2007 and whether it had bank accounts at multiple banks at the end of 2007, respectively. The dependent variable is the answer to the survey question about how the crisis affected the firm's investment in PME. The dependent variable uses a scale of -3, -2, -1, 0, 1, 2, 3 or not relevant, where negative numbers indicate a decline in investment and "not relevant" responses are categorized as "0." The explanatory variables that are based on survey question responses are equal to one if the response indicated a decline in the variable, and zero otherwise. Liquid assets are calculated as the pre-crisis ratio of (cash + other short-term marketable securities) / net assets. New shareholder funds measure the ratio of new funding from shareholders during the crisis to the pre-crisis total assets. The variable No investment years is equal to the number of years during the period 2005-7 in which a firm did not change its fixed assets by more than +/-2.5% of total assets. Accounting variables are normalized by the firm's total assets. The observations are at the firm level. Standard errors are robust to heteroscedasticity. The variables are described in Table 1 . Effect of credit supply on investments by ex ante financial constraints and additional explanatory variables. (Continued) The table reports OLS regression results, where the sample has been split based on pre-crisis financial constraints criteria. For total assets, the sample has been split into two halves based on the book value of the firm's assets in 2007. Firms are divided into young and old categories based on whether the firm age is below or above the sample's median age. For the dividend and multibank categories, the sample has been split based on whether a firm paid dividends for 2007 or had bank accounts at multiple banks at the end of 2007, respectively. The dependent variable is the answer to the survey question about how the crisis affected the firm's investment in PME. The dependent variable uses a scale of -3, -2, -1, 0, 1, 2, 3 or not relevant, where negative numbers indicate a decline in investment and "not relevant" responses are categorized as "0." The explanatory variables that are based on survey question responses are equal to one if the response indicated a decline in the variable, and zero otherwise. Liquid assets are calculated as the pre-crisis ratio of (cash + other short-term marketable securities) / net assets [def.]. Accounting variables are normalized by the firm's total assets.
The observations are at the firm level. Standard errors are robust to heteroscedasticity. The variables are described in Table 1 .
.
Variable
Total assets Table 10 : Effect of credit supply on investments by ex ante financial constraints. Firms outside consolidated groups. The table reports OLS regression results for companies that were not part of a group, where being part of a group is defined as being owned and controlled by a parent company. The sample has been split based on pre-crisis financial constraints criteria. For total assets, the sample has been split in two halves based on the book value of the firm's assets in 2007. Firms are split into young and old categories based on whether the firm age is below or above the sample's median age. For the dividend and multibank categories, the sample has been split based on whether a firm paid dividends for 2007 or had bank accounts at multiple banks at the end of 2007, respectively. The dependent variable is the answer to the survey question about how the crisis affected the firm's investment in PME. The dependent variable uses a scale of -3, -2, -1, 0, 1, 2, 3 or not relevant, where negative numbers indicate a decline in investment and "not relevant" responses are categorized as "0." The explanatory variables that are based on survey question responses are equal to one if the response indicated a decline in the variable, and zero otherwise. Accounting variables are normalized by the firm's total assets. The observations are at the firm level. Standard errors are robust to heteroscedasticity. The variables are described in Table 1 . 
